Pumpkin seeds has long been used as a source of nutrition. Based on its content, it is possible that part of this plant used as immunonutrient. The purpose of this research is to study the immunomodulatory activity of pumpkin seeds. It effects on the nonspecific immune response was determined through carbon clearance test, organ indexes (liver, spleen and thymic gland) and mice peritoneal exudate activity (PEA). The effects on specific immune response were determined through total antibody titre, delayed type of hypersensitivity (DTH) reaction and number of lymphocytes. On non specific immune response test, pumpkin seed at a low dose (PLD-3.8g/kg bw) and at a high dose (PHD-7.6g/kg bw) showed immunostimulanting effect with phagocytic index of 1.219 and 1.347, respectively. PHD increased PEA activity (p<0.01) in lysing microbes. On specific immune response test, PLD and PHD showed immunostimulation effect indicated through 50% haemaglutination activity (HA titre) i.e., 1:512 and 1:2048, respectively compared to than that of control (1:256) for secondary antibody titre. Through cellular immunity test, 48 hours after challenged, PHD showed significant (p<0.05) increased in footpad thickness. After 7 days administration, both doses of pumpkin increased lymphocytes number significantly (p<0.05). Based on the data it can be concluded that, pumpkin seeds have immunomodulatory effects, and can therefore be used as immunonutrient
Introduction
The immune system is the body's defence system that has evolved to protect the human body from foreign invaders. An immune system carries out two major activities which are recognition and response. It works to specifically recognise and differentiate between the body's own cells and foreign cells 1 . Once a foreign invader has been recognised, a response is mounted against these foreign invaders to inhibit their action the in human body.
Immunomodulators are substances which can exert an effect on the immune response thereby regulating the said response in a certain way. It can work to increase the immune response i.e. as an immunostimulant or it can diminish the immune response i.e. as an immunosuppressant 2 .
Pumpkin seeds are common sources of nutrition 3 . The purpose of this study is to determine whether pumpkin seeds can be used as a form of medical nutrition therapy to regulate the immune system. Medical nutrition therapy is a form of therapy that can be used hand in hand with modern medicine as a part of the patient's dietary regime as a method to treat the patient's condition.
Pumpkin seeds are rich in essential fatty acids such as palmitic, oleic, linoleic and steric acids as well as arginine and glutamic acid. It has reported antiobesity effects and is also used in Malaysia to expel tapeworms. The seeds also help to prevent the formation of renal calculi. Pumpkin seed can also be used to stimulate wound healing process and prevent the chronic severe wound infection in diabetic condition 4 . This present study was undertaken to determine the potential of pumpkin seeds as immunomodulators.
Experiments

Material
Pumpkin seed powder, phosphate buffer solution, sheep red blood cell (SRBC), Methyl prednisolone, Zymosan A (Sigma-Aldrich), gelatin, Blank ink pelican B-17, NaCl sterile solution, acetic acid 1%, Streptococcus aureus, nutrient broth, Avicel PH 101, CMC, and aquadest.
Erlenmeyer flask, test tube, mortar and pestle, centrifuge (Beckmann), thermometer, pH meter, spectrophotometer (Beckmann-Coulter), sonicator, incubator, autoclave, Spiritus lamp, micropipette various volume, plethysmometer, disposable sterile syringe 1mL, oral mouse syringes, microtiter plate wells V shape, microcentrifuge tubes, beaker, surgical instrument, spatula, measuring cylinder, evaporating dish, and watch glass.
Female Swiss Webster mice (10-12 weeks old) were obtained from Animal Husbandary PAU Ilmu Hayati ITB. The mice had free access to food and water throughout the experiment.
Instruments
Test against non-specific immune response
Carbon Clearance
The mice were divided into 5 groups of 6, which is the control, Zymosan, methyl prednisolone, pumpkin seeds (3.8g/kg bw) and pumpkin seeds (7.6g/kg bw) groups. Pumpkin seed powder was administered orally once a day for seven days as a suspension. Zymosan A and methyl prednisolone was injected intraperitoneally to the mice. On the 8th day, 24 hours after the last oral administration, blood is drawn as the first blood sample; blank (t = 0 min). The mice were then injected with carbon ink suspension intravenously. At intervals of 5, 10, 15,and 20 minutes after the injection of carbon, blood samples were drawn from the vein, a 20 μl sample was mixed with 1% acetic acid solution (2 mL) and the solution transmittance wass measured at wavelength 675 nm 5, 6 . The rate of carbon clearance (Phagocytic index, k) was calculated from the slope of each time-concentration curve drawn by plotting (100-mean transmittance value) as the ordinate. Results were expressed as the arithmetic mean ± SD of five mice.
Determination of organ index
Mice that had been given the powder, Zymosan and methyl prednisolone were sacrificed. The liver, spleen and thymus of mice were isolated and weighed. Then the percent of weight of liver, spleen and thymus to body weight of mice were calculated for each group.
Peritoneal exudates activity
Phosphate buffer solution (5mL) was injected into the peritoneal cavity of sacrificed mice. The abdomen of the mice was then massaged to bring the cells into a suspension. Exactly 3mL of the exudate was then collected and sonicated. The absorbance of the exudates was then determined at 405nm 5 . 1ml of Staphylococcus aureus suspended in nutrient broth was then added to the exudates. The absorbance immediately after the addition of the microbes and 30minutes after the addition of the microbes were determined to calculate percentage of inhibition.
Test against specific immune response
Determination of total antibody titre Haemagluttination method titre assay was performed to determine primary antibody titre and secondary antibody titre. On the seventh day, after immunization, blood was collected from individual animals of all the groups from the vein for serum preparation. The pooled serum was diluted with 50μL phosphate buffer (pH7.4) with 2 fold serial dilution in 96-well micro-titre plates and mixed with 25μL of 2% SRBC suspension in Phosphate buffer. Plates were incubated at 37 ºC for 24 hours. The value of primary antibody titre was considered the highest serum dilution showing 50% haemagluttination. This procedure was repeated on the twelfth day to determine secondary antibody titre.
Delayed type hypersensitivity test
Seven days after sensitization, the animals were challenged with 0.05mL 2% SRBC in the right hind footpad by injection. Increase in footpad oedema was measured 24 hours and 48 hours after the challenge using a plethysmometer.
Number of lymphocytes
After 10 days of powder administration; the mice were sacrificed and the thymus and spleen isolated. The thymus and spleen were teased in phosphate buffer solution. The solution is then filtered and 100μL of it was observed under microscope using a haematocytometer and the number of lymphocytes was counted.
Statistical analysis
Statistical analysis was performed using paired-T test 7 . The significance in difference was accepted at p < 0.05. The values are expressed as mean ± S.D
Results and Discussion
Immunomodulators are substances that have an effect on the immune response. That effect can be to either stimulate the immune system or to suppress it. This study employed the use of pumpkin seeds which are usually used as sources of nutrition to determine whether or not these food sources may have effects on the immune response. If it is indeed possible use these food sources as immunomodulators it can be employed as a form of medical nutrition therapy.
The carbon clearance test is done to observe the effect of test substances, in this case pumpkin seed powder against the non-specific immune response. More specifically this test shows phagocytosis by the phagocytic cells in the body of the mice. Phagocyte cell activity can be determined by observing the speed of carbon particle clearance administered intravenously as a foreign substance in the blood by determining the transmittance of the blood samples (in 1% acetic acid) at specific time intervals. The greater the transmittance values the smaller the amount of carbon particles in the blood. The transmittance was determined at 675nm using a UV-Vis Spectrophotometer.
Once the transmittance values were determined, a graph of 100-%Transmittance versus the time interval was plotted. The slope of each line corresponds to the rate of the carbon clearance. In turn, the rate of the carbon clearance can be used to determine the phagocytic index. The phagocytic index is determined by comparing by ratio, the slope of each test group against the slope of the control group.
According to Wagner's criteria (1991), a substance is considered to have no immunostimulation effect or possess an immunosuppressive effect if the ratio of the mean regression of the substance to the regression coefficient (kr) of the control (phagocytic or clearance index: k) is less than 1, possess a medium immunostimulation effect if the k value is in between 1.0-1.5 and a strong immunostimulation effect if the k value is more than 1.5. From Table 2 we can see that both doses of pumpkin seed powder 3.8g/kg bw (k=1.219) and 7.6g/kg bw(k=1.347) produced a medium immunostimulation effect.
The carbon particles injected into the mice is primarily phagocytised by liver macrophages (90%) followed by spleen and thymus gland macrophages (10%) 1 . The carbon particles are eliminated in the liver by fixed macrophages known as Kupffer cells. The spleen contains macrophages, dendritic cells, T cells and B cells and so responds to systemic infection and plays a role in both humoral and cellular immunity. The thymus is the site of T cell development and maturation.
The organ index of liver, spleen and thymus was determined to examine the influence of the test substances to the humoral immune response. The weight of the liver, spleen and thymus was determined to so as to see the relationship, if any, between the rate of phagocytosis and the weight of the organs. An increase in organ weight compared to the control group represents an increase in the immune response, i.e., the test substance is an immunostimulant and vice versa. The increased weights of the organs indicate an increase in proliferation of the immune cells in the respective organs. Based on the results in Table 3 , the weight of the liver did not change significantly except for the methyl prednisolone group where there is a significant decrease in the weight of the liver indicating that the mice in that group were indeed immunosuppressed. As for the weight of the spleen, the methyl prednisolone group showed a significant decrease in weight indicating the immunosuppressed states of the mice. For the rest of the groups, there is an increase in spleen weight although it is not significant indicating that the mice immune system are stimulated. The organ index of the thymus gland shows that for the Zymosan group, there is a significant increase in thymus weight suggesting that the mice immune system are stimulated. The methyl prednisolone group show a marked decrease in thymus gland weight however it is not significant. As for both pumpkin seed powder groups, there is an increase in thymus gland weight indicating stimulation effect on immune system however it is not significant.
For the peritoneal exudate experiment, a mouse may yield up to 5 × 10 6 peritoneal exudate cells after washing of the peritoneal cavity. Up to 50% of those cells will be lymphocytes. The peritoneal exudate was collected in vials and sonicated. We sonicate the exudate to lyse the macrophages releasing its lysozymes. These lysozymes will in turn lyse the microbes (Staphylococcus aureus) put into the exudates post sonication. The absorbance immediately after the addition of the microbes and 30 minutes after the addition of the microbes is determined at 405nm to measure the percentage of inhibition. The larger the percentage of inhibition the more lysozymes present and the higher the activity of the lysozymes and indicating a stimulation effect of the test substance on immune system. The immunosuppressive effects can be seen through a smaller percentage of inhibition The results in Table 4 show that the Zymosan A, and pumpkin seed powder at dose 7.6g/kg bw has a significant increase in percentage of inhibition indicating that the immune system of the mice in these groups are stimulated. Pumpkin seed powder at dose 3.8g/kg bw showed an increase in percentage of inhibition however it is not significant if compared to the control group. The methylprednisolone group show a significant decrease in percentage of inhibition indicating the immunosuppressed states of the mice.
In the test for total antibody titre, primary antibody titre was determined 7 days after sensitization and secondary antibody titre was determined 5 days after primary antibody titre determination was carried out. Total antibody titre for primary and secondary antibodies was taken as the highest dilution which showed approximately 50% haemaglutination. Delayed type hypersensitivity test is carried out to determine the effects of pumpkin seeds towards cellular response. Delayed type hypersensitivity response involves T helper cells 1 (Th 1). The increase in Th cell activity in turn increases the activity of macrophages resulting in an increased inflammatory response characterized by the swelling of the footpad of the mice around the site of the injection. From the data in Table 6 below, there is no significant difference in swelling after 24 hours for any of the groups. After 48 hours, there is a significant increase in swelling for pumpkin seed 7.6g/kg bw groups indicating that the test substance has stimulant effect on the cellular immune response. Methyl prednisolone showed significant decrease in footpad swelling compared to the control group showing it has an immunosuppressive effect on the cellular response.
Based on the results obtained, the test substances have no effect on primary antibody production. The secondary antibody titre results show that pumpkin seed powder at doses 3.8 and 7.6g/kg bw have stimulation effect on immune response. In the primary response there is an early production of IgM antibody which soon declines and is replaced by IgG which can be detected by the secondary antibody titre 1 .
From the results in Table 7 , methylprednisolone group showed a significant decrease in number of lymphocytes compared of the control group. Both doses of pumpkin seeds, 3.8 and 7.6g/kg bw showed significant increase in lymphocyte count indicating that it has stimulation effects on lymphocyte proliferation 
Conclusion
From the results obtained, pumpkin seeds have immunomodulatory effects. Pumpkin seed powder at doses 3.8 and 7.6g/kg bw are immunostimulants. Pumpkin seeds equivalent to 30 and 60g in humans are immunostimulants. Pumpkin seeds are immunonutrients and can be used in medical nutrition therapy
